
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



UC-NRLF 



nil 



181 



$B 3S 525 



r 




LIBRARY 

OF THE 

UNIVERSITY OF CALIFORNIA. 
Class 




THE ANALYTICAL CHEMISTRY 
OF URANIUM 



Wi^h 85 Illustrations. Svo, 14s. net 

THE ANALYSIS OF STEEL-WORKS 
MATERIALS 

By HARRY BREARLEY 

AND 

FRED IBBOTSON, B.Sc. (Lond.) 

Demonstrator of Micrographic Analysb, U niversity College, 
Sheffield 

LONGMANS, GREEN, AND CO. 

LOI^'DON, NEiV YORK AND BOMBAY 



THE 



ANALYTICAL CHEMISTRY 
OF URANIUM 



BY 



HARRY BREARLEY 

JOINT AUTHOR OF " THE ANALYSIS OF STEEL- WORKS MATERIALS" 




LONGMAN^, GREEN, AND CO. 

39 PATERNOSTER ROW, LONDON 

NEW YORK AND BOMBAY 

1903 

AU r/'ghts reserved 



V- -.v 



.^> 



10 



r 



1 



PREFACE 

Any one desirous of mastering the practical 
determination of any metal in its ores and in the 
commercial products whose value it influences, 
perhaps could do no better, if immediate results 
were of no consequence, than to choose a gravi-- 
metric and a volumetric process which worked 
well with pure solutions of the metals salts, and 
then to set about observing the influence exerted 
by variations in the mode of operating and by 
the presence of other metallic salts. Such a 
procedure, at any rate, usually gives ultimate satis- 
faction and confidence, and makes valuable addi- 
tions to one s permanent knowledge of chemical 
facts, as well as, now and again, eliminates some 
fictions. 

Some years ago the author was invited to 
familiarize himself with the assay of some metals 
of which he had no special knowledge with 
the view of taking charge of an analytical practice 
in which these metals were to be largely dealt 
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with. As far as time permitted, his mode of 
doing so was that just indicated. In a few 
instances the outlines then accumulated have been 
filled in, and an orderly arrangement of the 
material made, so that it might be as useful as 
possible in the laboratory. 

If each element were dealt with in such a 
manner, the accumulated result would save much 
vexation and laborious search. This, in time, 
some industrious person, free from the necessity of 
earning a living, may do. Meanwhile this booklet, 
by the manner in which it is received, may assist 
one to decide whether more of a like kind are 
desirable, or whether the aqthor is mistaken in 
the general usefulness of the plan. 
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THE ANALYTICAL CHEMISTRY 
OF URANIUM 

INTRODUCTORY NOTE. 

Uranium was discovered by Klaproth in 1789, 
but the actual metal was isolated by Peligot in 
1842 ; what had previously been regarded as 
the metal was really its lower oxide (UO2). 

The ore occurs in Saxony, Cornwall, and 
America, but the deposits are generally of a 
very sparing character. The Cornish mine at 
St. Stephen s, where ore (mostly uranic phosphate) 
is said to occur in a continuous lode from 3 to 
5 feet thick, is exceptional. 

Uranium is closely related (chemically) with 
chromium, molybdenum, and tungsten. These 
latter metals have each an acid-forming trioxide ; 
the trioxide of uranium, however, acts both as an 
acid (sodium uranate) and a base (uranyl nitrate). 
Early papers on the chemistry of uranium are 
unintelligible unless one bears in mind, not only 
that the protoxide was mistaken for the metal, 
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but also that the atomic weight of the metal has 
been doubled in recent times. 

Uranous oxide is formed by heating UsOa 
in hydrogen. It is the base from which the 
unstable uranous salts are derived, e.g. 11(804)2. 

Uranic oxide unites with strong bases to 
form uranates which have a composition analo- 
gous to dichromates, e.g. NaaUaOt (sodium ura- 
nate). But it also acts as a base in the formation 
of uranyl salts ; eg. UO2SO4 and U02(N03)2. 

Uranoso- uranic oxide occurs in nature as 
pitchblende, and may be prepared artificially by 
heating any oxide in air or oxygen. When 
digested with nitric acid it dissolves to UOij(.NQ3)2, 
and this salt by limited ignition is converted^ to 
the trioxide, of which it is a derivative. When 
UsOg is very strongly ignited it loses oxygen, and 
passes to UaOg ; this, it is surmised, i^?the change, 
which takes place — with the formation '~o{ an 
intense black colour — when porcelliin painted 
with the uranic glaze is fired. - - '^- 

Higher oxides, which give rise to perura- 
nates, are formed by adding hydrogen peroxide 
to uranyl solutions. Thes^ have been investi- 
gated by Fairley and others, and made use of 
to a limited extent in the analysis of uranium 
compounds. 



I. 

MODES OF DETERMINING URANIUM. 

Qravi metrically, the determination of uranium 
depends on its precipitation as alkaline uranate, 
which is weighed as such or ignited to oxide ; as 
protoxide by means of ammonium sulphide ; or 
as phosphate. 

The yellow precipitate formed when caustic 
soda IS added to a solution of uranyl nitrate is a 
hydrated diurapate, which loses water merely on 
ignition, and may be weighed as NajUaOT. When 
ammonia is used instead of soda, the analogous 
precipitate is decomposed on ignition, and yields 
a compound approximating more or less to UaOg, 
according to circumstances. If only moderately 
heated the ammonium uranate does not ignite 
uniformly to the dark green colour of UgOg ; it 
contains visible streaks and patches of a yellow 
or brown colour.^ At higher temperatures, how- 
ever, the oxide becomes practically black (though 

* These are said to be formed when traces only of alkaline 
earths are present. 
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it gives a green streak), and loses slightly in 
weight. According to Zimmermann, pure UgOg 
is formed only when heated and cooled in a 
current of oxygen ; if heated in air and cooled 
quickly a small amount of oxygen is lost, and in 
an indifferent gas the loss is still greater : never- 
theless, the elaboration of a current of oxygen 
may be omitted in technical assays, as the error 
is comparatively trifling. 

The precipitation of uranium by means of 
ammonium sulphide is accurate, and lends itself 
to a number of important separations ; but great 
care must be taken to exclude carbonates from 
the solution and the reagent, as they prevent a 
complete precipitation. The precipitate thus 
formed may be ignited in hydrogen and weighed 
as UO2, or ignited in air to UgOg. Kern found 
that (N 1^4)21)207 could be readily converted to 
UO2 by ignition in hydrogen, but that a previously 
ignited precipitate could not be so reduced and 
reweighed for purposes of control, particularly if the 
operation was carried on in a porcelain crucible. 

The precipitate of UO2HPO4, which is formed 
when sodium phosphate is added to an acetic acid 
solution containing uranium, is gelatinous, and 
washes badly — worse than ammonium uranate 
even, — and is to be desired only on account of 
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the lower factor needed to convert the weight of 
the ignited precipitate to metallic uranium. This 
difficulty can be partly met, as Kern points out, 
by the careful use of dihydrogen ammonium 
phosphate instead of the sodium salt ; the most 
satisfactory procedure, however, is that noticed 
in the next section. 

Attempts to weigh the dried precipitate as 
ammonium uranyl phosphate (UO2NH4PO4) have 
not met with much success ; it fs customary, 
therefore, to ignite it apart from the paper, and 
weigh as pyrophosphate (U02)2P20^ If ignited 
at low redness the precipitate has a pure yellow 
colour, but at higher temperatures it is partly 
reduced and becomes green. It is feasible, of 
course, to ignite precipitate and paper together, 
and then treat the green residue with nitric acid, 
evaporate, and ignite to low redness, so as to 
restore the characteristic yellow colour. 

Uraniunfi may be electro-deposited from acetate 
solutions, and ignited to UaOg. Separations from 
barium, calcium, magnesium, and zinc have been 
based on this reaction, but it is interfered with by 
many of the common metals, particularly those 
of the iron group. 

Volumetric processes for the determination 
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of uranium have attracted little attention, and 
failed to inspire much confidence. The titration 
with a standard solution of microcosmic salt, using 
ferrocyanide as a spot indicator, is known rather 
as the inverse of a common way of titrating phos- 
phoric acid than as a widely usable means of esti- 
mating uranium. Guyard s process depends on 
the precipitation of a triple ammonium-uranium- 
manganese phosphate when a solution of man- 
ganic metapiiosphate is added to an acetate 
solution of uranium. The process is only suitable 
for the estimation of large amounts of uranium. 

The volumetric method most in vogue depends 
on the reduction of UO3 to UO2 in acid solutions 
by means of zinc, aluminium, or magnesium, 
followed by titration with permanganate in the 
usual manner, contact with air being prevented 
as much as possible. There are no decisive 
colour changes to indicate complete reduction, so 
that an abundance of the metallic reducing agent 
must be used, and a time limit, depending on the 
amount of uranium dealt with, must be adhered 
to. Under the most favourable circumstances 
this limit exceeds the time needed to perform a 
gravimetric estimation, so that the usefulness of 
volumetric processes generally are confined to 
special cases. 



IL 

THE DETERMINATION OF URANIUM AS 
PHOSPHATE. 

About ten times as much microcosmic salt as 
there is judged to be uranium present is added to 
the boiling solution ; then dilute ammonia, until a 
small precipitate is formed ; then just as much nitric 
acid as clears the solution, but no more ; and, 
finally, sodium thiosulphate equivalent to about 
ID grams of the crystallized salt. The solution 
becomes intensely yellow, and almost immediately 
deposits a voluminous precipitate. After boiling 
for ten or fifteen minutes, this precipitate con- 
tains all the uranium, and is so dense that it 
settles immediately, and may be easily washed by 
decantation and collected on the filter. The pre- 
cipitate is transferred to a porcelain crucible, 
ignited, the green residue weighed, just moistened 
with nitric acid and gently heated. It dissolves 
to a yellow solution with slight effervescence, and 
is then dried, ignited at low redness, and the yellow 
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residue weighed. ((U02)2P207 x o'668i = U.) 
Pure pyrophosphate dissolves entirely when 
heated with nitric acid ; in practice an insoluble 
residue, weighing a milligram or so, may be 
found. 

If a series of weighings of the green and 
yellow residues be scrutinized, a fairly uniform 
relation is seen to exist between them, and, for 
many technical purposes, it is unnecessary to take 
the extra trouble of converting the former to the 
latter. This is illustrated by the following table, 
which also justifies the above mode of operating. 
In each case the solution was diluted to about 
300 c.c. before precipitating. 





Green Residue. 


Yellow Residue. 


U. taken. 










Weighed. 


X 0-6855. 


Weighed. 


X o.668x. 


0-2220 


03233 


0*22l6 


0*3322 


0-2219 


OM226 


— 


— 


0*1840 


0*1229 


O'lIIO 


O1617 


o*iio8 


0*1663 


O'lIII 


0-0666 


0*0972 


0-0666 


— 


— 


0-0444 


00660 


0*0452 


0*0675 


0-0448 


0'0220 


0*0320 


0*0219 


0*0340 


0-0227 


O'OI 1 1 


0*0170 


o-oii6 


0*0170 


001 14 



The green precipitate is decidedly less hygro- 
scopic than the yellow pyrophosphate, and may be 
easily brushed from the crucible even after strong 
ignition : it, however, is too hygroscopic to make 
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the practice of brushing from the crucible a com- 
mendable one. Fresenius* statement, that the 
yellow salt is not hygroscopic, is coptrary to all 
my experience ; in fact, a good dessicator and 
quick weighing are imperative if its weight is to 
be depended on. The residue disintegrates and 
leaves the sides of the crucible after absorbing 
moisture from the air. 

In each of the following experiments 30 c.c. of 
a standard solution of uranyl nitrate, containing 
0*2045 gram uranium, was used, and the volume 
of the solution precipitated was about 300 c.c. 
The figures in brackets represent the amount of 
uranium obtained when calculated from the green 
residue by the factor already used (0*6855.) The 
agreement of the two sets of figures confirms the 
statement already made, that its composition is 
sufficiently constant to warrant its weight being 
used in calculating the percentage of uranium for 
technical purposes. 

Acetic Acid. — The operation is in no way 
affected by moderate amounts of this acid. 

Acetic acid (c.c.) 010 30 50 

U obtained (gr.) 0*2045 0*2042 0*2047 0*2049 
Green precipitate (0*2046) (0*2053) (0*2048) 

Time of Boiling.— When large amounts of 
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uranium are being handled, It is sometimes a 
difficult and dangerous operation to boil the solu- 
tion from teij to fifteen minutes on account of the 
vigorous bumping. Nearly all the uranium is 
down after boiling for a minute or two, but this 
can hardly be depended on. The danger may be 
avoided after adding the thiosulphate, by heating 
only as long as is necessary to liberate a consider- 
able amount of sulphur and form a precipitate, 
which settles readily. Then, if 5 c.c. strong 
ammonium acetate are added to destroy any free 
mineral acid and complete the precipitation, little 
or no further boiling is necessary. A small 
amount of acetate may be added after long 
boiling, if further assurance of a complete pre- 
cipitation is desired. The added acetate is harm- 
less, as the following tests show : — 

Acetate (c.c.) 5 30 50 

U obtained (gr.) 0*2046 0*2045 0*2044 

(0-2051) (0-2049) 

Ammonium Nitrate (20 grams). 
0*2048 (0*2050) instead of 0*2045 gram uranium. 

Ammonium Cliloride (20 grams). 
0*2042 (0*2046) instead of 0*2045 gram uranium. 

Ammonium Sulpliate (20 grams). 
0*2038 (0*2046) instead of 0*2045 gram uranium. 
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The precipitated uranyl phosphate, formed on 
neutralizing, clears up less readily on adding nitric 
acid than when ammonium sulphate is absent. 
The same observation applies to the added sodium 
sulphate. 

Sodium Nitrate (20 grams). 

0*2047 (0*2043) instead of 0*2045. 
Sodium Chloride (20 grams). 

0*2049 (0*2043) instead of 0*2045. 
Sodium Sulphate (20 grams). 

0*2035 (0*2036) instead of 0*2045. 

Potassium Nitrate (20 grams). 

Potassium salts are carried down. The weight 
of the ignited pyrophosphate was equivalent to 
0*2200 gram uranium, but, on dissolving and 
reprecipitating a residue corresponding to the 
correct weight of uranium is obtained, Le, 0*2040 
gram. 

Microcosmic Salt. — Varying excesses of 
this reagent may be used without detriment, but 
more than the theoretical amount is necessary. 
For example, the author, when using 5 grams 
instead of the usual 2 grams, of microcosmic salt, 
obtained a precipitate having a weight equiva- 
lent to 0*2042 gram uranium. On dissolving 
this and reprecipitating, without adding any more 
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microcosmic salt, the resulting precipitate was 
equivalent to 0-1988 gram; on again dissolving, 
adding microcosmic salt, and again precipitating, 
the weight of the residue was equivalent to 0*2030 
gram. This shows that the second precipitate, 
which contained nearly all the uranium, was a 
basic compound. 

Properties of the Precipitate. — The 
ignited pyrophosphate is more readily soluble in 
nitric than in sulphuric or hydrochloric acid ; con- 
tamination with ferric oxide greatly decreases the 
solubility. It is easily attacked by fused sodium 
carbonate or caustic soda, but on extracting 
with water the yellow residue contains only 
about 90 per cent, of the uranium operated with. 
The portion in the filtrate is at once detected 
by the yellow colour which carbonated alkali 
solutions give with hydrogen peroxide. 



III. 

THE SEPARATION OF URANIUM. 

SEPARATIONS FROM IRON. 

By Acetates. — The separation of uranium from 
iron, by precipitating the latter as basic acetate, 
was referred to in a general way by Gibbs,^ 
but no particulars were given. Some phases of 
the process were studied by Rheineck,'^ who 
suggested that the operation was a delicate one, 
and observed that a crystalline precipitate is 
formed at once in concentrated, and, after some 
time, in more dilute solutions, when sodium acetate 
is added to any salt of the oxide of uranium. 

The following experiments were made with 
the object of determining in which direction the 
weakness of the separation lay, rather than with 
the idea of improving it for regular service. Five 
grams of bar iron were dissolved in hydrochloric, 
and oxidized with nitric acid, 25 grams ammonium 
chloride and 150 c.c. standard uranium solution 

* Chemical News, xi. 102. ^ Chemical News^ xxiii. 233. 
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added, and the mixture then neutralized and 
divided into five equal portions. 

(fl) Was diluted to 300 cc, and boiled. The 
iron was almost entirely precipitated, and no 
acetate whatever was added : 0*2055 gram 
uranium was found in the filtrate, instead of 
0*2045 gram. 

{b) Five cubic centimetres strong ammonium 
acetate were added, which precipitated the iron 
immediately in the cold. The solution was then 
boiled three or four minutes. The filtrate con- 
tained only 0*0853 gram uranium. 

{c) Treated like (^), but 10 cc. acetic acid 
were added before the acetate. A precipitate 
formed after very little heating. The filtrate 
contained 0*1994 gram uranium. 

{d) Treated as {a), but added 0*5 cc. acetate 
to the boiling solution, to completely pre- 
cipitate the iron — 0*2000 gram uranium in the 
filtrate. 

[e) Treated as {a), but added 5 cc. acetic acid 
to the cold solution, and i cc ammonium acetate 
to the boiling solution. The precipitation of the 
iron was complete ; in fact, less acetate might 
have been used. The filtrate contained 0*2048 
gram uranium. 

There is no doubt that when phosphoric acid 
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is absent, and the proportion of uranium is large 
enough to yield a sufficient amount in the filtrate, 
without having to deal with unwieldy precipitates 
of basic ferric acetate, this separation is a reliable 
one. The neutralized solution, however, should 
contain i or 2 per cent, of free acetic acid, 
and no more acetate should be used than will 
comfortably precipitate all the iron. With these 
precautions the separation appears to be quite as 
easy as that of iron and nickel by the same 
process. It is probable, also, that others of 
the alkaline salts which have the power of 
precipitating neutralized ferric solutions might 
advantageously be substituted for ammonium 
acetate. 

By Alkalis. — When ammonium carbonate is 
added to a solution containing iron and uranium, 
the former is precipitated, but may or may not be 
•free from the latter. A separation, which is practi- 
cally perfect, can be made by pouring a solution 
containing as much as 2 grams of iron into a 
solution, which is kept agitated, of ammonium or 
sodium carbonate or sodium bicarbonate. A little 
iron, however, is apt to remain in solution, and it 
is customary, if its presence is objectionable, to 
allow it to settle out after prolonged standing 
or to precipitate it with ammonium sulphide. 
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Separations made in this way gave the following 
results : — ^ 



Am. carb. 
Sod. carb. 
Spd. bicarb. 




Caustic alkalis, of course, precipitate the ura- 
nium along with the iron, but, according to Walker, 
it remains in solution if hydrogen peroxide is also 
present.^ This separation appears to be quite 
successful only when the proportion of iron is not 
large and the total weight of the metals dealt 
with is small. 

By Ether, etc. — Kern's valuable contribu- 
tion to the quantitative separation and determina- 
tion of uranium^ deals particularly with the 
separation of iron. His experimental work is 
confined to the ether-extraction process, which 
in other directions is already well known, and 
he finds that the most complete separations are 
obtained by using hydrochloric acid of I'lo 
specific gravity. More than one extraction is 



* I am indebted to my friend, Fred Ibbotson, B.Sc, for these 
results. 

2 Jour. Anter* Chem, Soc.yxx, 513. 

3 Jour, Amer, Chem, Soc, xxiii., and Chemical News, vol. Ixxxiv. 
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necessary, and it is doubtful whether the process 
is a desirable one unless ether extractions in other 
directions are being regularly carried out. 

A separation described by Rose depends on 
the precipitation of the two oxides by ammonia, 
ignition in a stream of hydrogen, and extraction 
of the metallic iron with hydrochloric acid. Or 
the iron may be volatilized from the mixture by 
heating it in an atmosphere of the gaseous 
acid. 

The electro-deposition of iron from oxals^te 
solutions is said to lead to a perfect separation. 

The separation by means of alkaline acetates 
is trustworthy and convenient within the limita- 
tions already referred to. Its value and accuracy 
is further attested by the following results ; never- 
theless, some other alkaline salt instead of acetates 
could probably be used with advantage : — 



Fe present. 


% U present. 


7o U found. 


5 grams 


0817 


0-836 


3 ». 


3-i8 


315 


2 „ 


473 


477 


^ »> 


20-45 


20-40 


2 „ 


IO'22 


10-15 



When a minor constituent of any mixture is 
required to be estimated, it is generally best to 

c 
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separate it by direct precipitation. This can be 
accomplished with a mixture of uranium and iron* 
by applying, under suitable circumstances, the 
method already described for determining uranium 
in pure solutions. The operations are similar 
to those used for separating small amounts of 
aluminium and chromium from steel as phos- 
phate. The separation can, of course, be used 
equally well when the proportion of uranium is 
great. 

The iron being in the ferrous state, and 
preferably as chloride, heat the solution nearly to 
boiling, add microcosmic salt in the proportion 
already indicated, and then dilute ammonia until 
the precipitated flocks of ferrous hydrate are no 
longer quite redissolved. Clear with the smallest 
possible excess of hydrochloric acid, add lo 
grams of sodium thiosulphate and 20 c.c. acetic 
acid, and boil for ten to fifteen minutes. Allow 
the precipitate to settle, filter as quickly as pos- 
sible, and wash with hot water containing a few 
cubic centimetres per litre of acetic acid and am- 
monium acetate. 

The residue, after redissolving from the filter 
and the accompanying sulphur, may be reprecipi- 
tated to separate the remaining portion of iron, 
which, when the operation is properly performed, 
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is rarely greater and often much less than the 
amount of uranium. Or, instead, the residue may- 
be ignited, fused with sodium carbonate, dissolved 
in hydrochloric acid, filtered after evaporation to 
remove any such insoluble body as silica, and 
reprecipitated as before. The ignited precipitate 
has the characteristic green colour, and may, if 
desired, be converted to the yellow pyrophosphate. 
Not more than a negligible trace of ferric oxide, 
carried down by the sulphur in the final precipita- 
tion, should be present. The following results 
were obtained in this way : — 



Iron Used. 


7o U present. 


7o U found. 


5 grams 


0-136 


0-136 


5 » 


0-273 


0-280 


5 „ 


0546 


o'555 


10 „ 


0-068 


0070 


5 i» 


0819 


0-836 



The addition of ammonium acetate to complete 
the precipitation and shorten the boiling is not 
commendable when much iron has to be separated. 
In order to avoid violent bumping, I have found 
the following plan to work well : Slide a small 
widely perforated filter-plate into the solution, 
and limit its movement along the bottom of the 
beaker by putting the drawn-out end of a glass 
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Stirring-rod through one of the holes. A similar 
plate, allowed to move freely, breaks the steam 
envelopes in a haphazard way, and may cause 
the liquid to boil over. 



SEPARATIONS FROM NICKEL, COBALT, AND 
ZINC. 

These metals are usually separated from 
uranium by passing a stream of sulphuretted 
hydrogen through a boiling solution of the ace- 
tates (Gibbs). Zinc only may be separated by 
means of ammonium carbonate (Rammelsberg). 
Nickel and cobalt, on the other hand, remain in 
solution when an emulsion of barium carbonate 
is added to a mixture of the metals containing a 
small amount of free acid and some ammonium 
chloride. Uranium is precipitated, but must, 
subsequently, be separated from the excess of 
barium carbonate. The electro-deposition of the 
uranium as hydrated oxide from an acetate solu- 
tion is not interfered with by the presence of zinc. 

The presence of either nickel, cobalt, or zinc 
in no way interferes with the estimation of 
uranium by the method already given for pure 
solutions. The following are results of test 
analyses : — 



THE SEPAR. 




'F URANIUM. 



21 



Metal present, 
(o'xo grams.) 


Acetic Acid (cc.)- 


U present. 


U found. 


Zinc . . . 


O 


02045 


0*2056 


Zinc . . 


50 


0-2045 


02056 


Nickel . . 1 





02045 


0-2053 


Nickel . . 


SO- 


0-2045 


0*2049 


Cobalt . . ! 





0-2045 


0-2046 


Cobalt . . 


50 


0-2045 


o'2049 



The respective filtrates can be used conve- 
niently for determining the separated metal ; 
those containing zinc or cobalt (after boiling with 
nitric acid to destroy the thiosulphate) by pre- 
cipitating as the double ammonium phosphate, 
and those containing nickel by making alkaline 
and titrating with potassium cyanide and silver 
iodide. 



SEPARATIONS FROM MANGANESE. 

The separation of manganese from uranium 
does not appear to have been much studied. It 
can be separated, according to Rammelsberg, with 
ammonium carbonate alone, but the separation 
generally described is that applicable to other 
members of its group, viz. precipitation with 
sulphuretted hydrogen from a solution containing 
alkaline carbonates. 

When uranium is precipitated as phosphate in 
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the manner described above, it carries down a 
small portion of any manganese present in the 
solution. A series of separations of o'lO gram 
Mn from 0*2045 gram uranium were made in 
solutions containing amounts of acetic acid, vary- 
ing from o to 50 c.c. The manganese associated 
with the uranyl pyrophosphate varied from 0*0013 
to o*ooo6 gram.^ When the MnaPaOt equiva- 
lents of these figures were deducted from the 
total weights, the remainders calculated to amounts 
of uranium varying between 0*2030 and 0*2050 
gram. 



SEPARATIONS FROM ALKALIS AND ALKALINE 
EARTHS. 

The separation of alkalis from uranium is of 
technical importance, as potash is a very con- 
siderable constituent of an industrial ore — car- 
notite. Alkalis, alkaline earths, and magnesia 
can be separated by precipitating the uranium 
several times with ammonia in the presence of 
ammonium chloride ; but, considering how badly 
ammonium uranate filters, this separation is an 

^ The amount is easily determined by dissolving in nitric acid 
oxidising with sodium bismuthate, and titrating the permanganate 
formed with ferrous sulphate. 
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undesirable one. It is much better to precipitate 
the uranium from acetic solutions with ammonium 
phosphate, which, according to Fresenius, effects 
a complete separation from alkalis and alkaline 
earths. Potash is the most difficult element to 
separate, and if present in large amounts a second 
precipitation may be necessary. 

The separation of calcium as oxalate from 
ammonium carbonate solutions has been strongly 
disparaged by Alibigoff. He effects the separa- 
tion — also from alkalis and strontium, but not 
barium — by boiling the solution, containing 
ammonium chloride or nitrate, with an emulsion 
of mercuric oxide. 

The separation of barium with sulphuric acid 
is accurate and convenient. The separation of 
calcium and strontium, in the same way, from 
alcoholic solutions is practised, but for small 
amounts is much less satisfactory. 

The precipitation of uranium as phosphate by 
boiling acetic acid solutions with thiosulphate 
effects a complete separation from calcium. If 
no acetic acid is present a portion of the calcium 
is precipitated as phosphate. The following 
tests were made on solutions (300 c.c.) con- 
taining o'lO gram of calcium and 0'2045 gram 
uranium : — 
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Acetic Acid (cc). 


U found. 


O 


0-2536 


5 


02063 


lO 


02056 


20 


0*2047 


50 


0-2043 



The lime in the filtrate can be determined 
simply by adding an excess of ammonium oxa- 
late, allowing the solution to cool, filtering, ignit- 
ing the residual oxide, transforming it to sulphate, 
and weighing. The weight of the oxide cannot 
be relied upon, as it may contain sulphuric acid. 

Magnesium does not interfere with the pre- 
cipitation of uranium. 

Acetic acid (cc.) . o 50 

U obtained (gr.) . o'2046 0*205 1 



SEPARATION FROM COPPER AND OTHER METALS 
PRECIPITATED BY SULPHURETTED HYDROGEN. 

The presence of metals whose sulphides 
are insoluble in very dilute acid solutions would 
interfere with the chosen method of precipitat- 
ing uranium. When any single member of this 
group — which includes lead, cadmium, mercury, 
bismuth, copper, silver, tin, antimony, and arsenic 
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— has to be separated, its precipitation with sul- 
phuretted hydrogen, from a suitably acidified 
solution, can be arranged. But if it is desired to 
detect and separate any (unknown) one of them, 
the acidity must be slight enough to permit the 
complete precipitation of the one whose sulphide 
is most easily dissociated, viz. lead. A complete 
precipitation of lead as sulphide can be made from 
solutions containing 2 per cent, of concentrated 
hydrochloric acid. When 2^ per cent, of concen- 
trated acid is present the precipitation is incomplete. 
This is the conclusion arrived at by Kern, after 
making a series of quantitative separations under 
varying conditions of acidity and temperature. 



SEPARATION FROM SILICA. 

The ignited pyrophosphate always contains 
silica when the precipitation has been made from 
a solution containing a soluble silicate. Thus, 
from a solution containing sodium silicate equal 
to 0*184 gram silica, 0*2045 gram uranium 
carried down in the two cases o'oio and 0'oo6 
gram silica respectively. 

If the silica is not removed by evaporation 
with acids prior to the precipitation, it remains 
insoluble on digesting the pyrophosphate with 
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nitric acid, and can be filtered off, weighed, and 
approximately allowed for, or the uranium may 
be reprecipitated from the filtrate. 

Uranyl pyrophosphate loses weight when 
treated with hydrofluoric acid alone. With a 
mixture of hydrofluoric and nitric acid no loss 
occurs ; but it is necessary to evaporate a second 
time with nitric acid only, in order to secure the 
yellow pyrophosphate free from fluorides. A 
mixture of hydrofluoric and sulphuric acids may 
also be used if the weight of the green residue is 
being depended upon ; but in that case a very 
strong ignition is needed in order to drive off all 
the sulphuric acid. 



SEPARATION FROM MOLYBDENUM. 

Molybdenum is partly precipitated as sulphide 
when an acid solution containing it is boiled with 
thiosulphate. The means of precipitating uranium 
previously adhered to cannot therefore be used in 
the presence of this element ; but a very satis- 
factory determination can be made by raising the 
clear acid solution of the two metals to boiling 
point, and adding at once the required amount 
of phosphate mixed with as much hot ammonium 
acetate as will destroy all the free mineral acid. 
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The precipitate is then washed well by decanta- 
tion, and collected on the filter. The washing 
is somewhat facilitated by adding a small quantity 
of floured sulphur during the decantation. 

Mo present . o'oooo o'looo o'2CXX) gram 
U obtained . 0*2045 0*2046 0*2046 ,, 

The estimation of the molybdenum in the 
filtrate, at least so far as its precipitation as lead 
molybdate is concerned, is complicated by the 
presence of phosphoric acid ; it may therefore be 
remarked, that molybdenum can be estimated on 
a separate portion in the following manner, with- 
out previously removing the uranium : — 

To the hot solution containing a few cubic 
centimetres hydrochloric acid in excess, add enough 
lead acetate to combine with all the molybdenum 
present, and then sufficient ammonium acetate to 
destroy the free hydrochloric acid. The precipi- 
tated lead molybdate, which is very granular and 
easily washed, is ignited and weighed. The 
traces of uranium which the precipitate may 
contain can be recovered, if desired, by pouring 
the hydrochloric acid solution of it into caustic 
soda ; the error which they introduce is, however, 
quite insignificant. The uranium in the original 
filtrate may be estimated as phosphate only after 
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separating the lead either by passing sulphuretted 
hydrogen or evaporating with sulphuric acid. 



SEPARATION FROM TUNGSTEN. 

Tungsten may be completely precipitated from 
neutral solutions by uranyl nitrate or chloride (but 
not acetate, according to Hitchcock) in the form 
of uranyl tungstate. This fact, and the marked 
tendency of tungstic acid to precipitate spontane- 
ously from acidified solutions, prevent uranium 
from being determined as phosphate in a mixture 
of the two metals. Evaporation to dryness on 
the water-bath with a good excess of hydrochloric 
acid is a very satisfactory means of making the 
separation, because, after boiling with dilute 
hydrochloric acid (i in 5), all the tungsten is left 
in the residue, and requires to be merely ignited 
and weighed as tungstic oxide ; and all the 
uranium is in the filtrate ready to be estimated 
in the usual manner. From a synthetic mixture 
of 0*1992 gram tungsten and 0*2045 gram 
uranium there were obtained 0*1989 and 0*2040 
gram respectively. 
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SEPARATION FROM CHROMIUM. 

The separation from this element can be made 
most easily when it exists as chromic acid ; as 
chromic oxide it is completely precipitated along 
with the uranyl phosphate. The chromium can 
be conveniently oxidized with sodium peroxide, 
but it is almost impossible in the presence of 
uranium to entirely decompose the excess of 
peroxide by boiling. It is therefore necessary to 
proceed as follows : — 

Neutralize most of the free acid with sodium 
carbonate, and then add sodium peroxide until the 
solution becomes strongly alkaline. Both metals 
are precipitated and again dissolved, the chromium 
being entirely in the higher state of oxidation. 
Boil the solution well, then acidify, and add a 
small volume of decinormal permanganate (10 
C.C. should be ample), and boil for about ten 
minutes. If the permanganate decomposes at all 
(thus showing that a portion of the chromic acid 
was reduced by the residual hydrogen peroxide 
in the acid solution) then filter off the manganic 
oxide through asbestos fibre, and destroy any 
unused permanganate with a few drops of hydro- 
chloric acid. The acid liquor is now made slightly 
alkaline with ammonia, decidedly acid with acetic, 
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and when it boils briskly an excess of microcosmic 
salt is added, and the filtration proceeded with as in 
the separation from molybdenum. The chromium 
in the filtrate is estimated volumetrically. 

Uranium could probably be precipitated from 
an acetic solution of chromic acid as uranyl vana- 
date ; the converse of this is Klecki s method 
for separating vanadium from chromium. The 
uranium may also be precipitated with caustic 
soda, or the chromium may be thrown down with 
mercurous nitrate. Other means of making the 
separation are those of electro-deposition, and 
that depending on ignition of the oxides in a 
current of hydrogen and extraction of the uranium 
with nitric acid. 



SEPARATION FROM VANADIUM. 

Vanadium is an essential constituent of Car- 
notite, and occurs also in small amounts in other 
uranium ores. Artificial compounds of uranium 
and vanadium do not occur in commerce, and 
therefore the separations to be found in the litera- 
ture of the subject refer almost exclusively to 
the analysis of particular ores, and may not be 
generally applied. For instance, such amounts of 
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vanadium as occur in pitchblende are separated 
(Lallemand) by pouring the filtered nitric acid 
solution of the mineral into sodium carbonate, 
which causes the vanadium to go down with the 
iron and the uranium to pass into solution. 
Fritchle, on the other hand, precipitates the dis- 
solved carnotite with a mixture of sodic hydrate 
and carbonate, which throws out iron and^uranium, 
and leaves^ vanadiuifu^n solution. The separa- 
tion with mercurous nitrate and mercuric oxide 
(Langmuir), and the extraction of uranium with 
ammonium nitrate after evaporating the mixture 
to dryness with nitric acid are both more widely 
useful. 

The analysis of a complex ore may often be 
completed without any separation of uranium and 
vanadium being made. This is accomplished by 
determining vanadium volumetrically with ferrous 
sulphate and permanganate, or colorimetrically 
with hydrogen peroxide, according to its amount, 
and making the necessary correction in the weight 
of the precipitated compound used for the estima- 
tion of the uranium. The varied uses of devices 
of this kind cannot be explicitly stated, but it may 
generally be assumed that, when precipitated with 
ammonia, the uranium will carry down all the 
vanadium, and the weighed UgOg will be too 
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heavy by the V2O5 equivalent of the amount of 
vanadium already determined. Also, when ura- 
nium is precipitated as phosphate in the ordinary 
manner, any vanadic acid carried down merely 
replaces its equivalent of phosphoric acid, and the 
error introduced may be too trifling for considera- 
tion, although the exact amount of it can be 
arrived at by determining the vanadium in the 
ignited uranyl pyrophosphate. 

An accurate separation can be made by pour- 
ing a faintly acid and heated solution of the two 
metals into a heated mixture of microcosmic salt 
and 5 or 10 c.c. ammonium acetate. The 
latter solution is kept violently agitated, while the 
former is added through a funnel with a stem so 
constricted that only a thin column passes out of 
it. The precipitate is washed by decantation and 
weighed as usual ; the combined washings are 
evaporated to a convenient bulk, and titrated with 
ferrous sulphate and permanganate. The follow- 
ing results were obtained : — 



V present. U present. ! V found. 


U found. 


00503 01552 00503 

0*0615 ! 01704 0*0615 

01205 1 0*2045 0*I208 


01554 
0*1700 
0*2043 
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SEPARATION FROM TITANIUM. 

Titanium is precipitated entirely with the 
uranyl phosphate in a form very closely approxi- 
mating to TiOa . P2O6. It occurs so sparingly in 
ores that a colorimetric estimation satisfies most 
requirements. In larger amounts it can be 
separated by adding 30 to 50 c.c. acetic acid to 
the hot solution, and then sufficient ammonium 
acetate to destroy the free mineral acid. A 
large excess of ammonium acetate is to be 
avoided. (See ** Separation of Iron.") 

Titanium is completely precipitated by boiling 
its acid solution with an excess of thiosulphate in 
the presence of much free acetic acid ; uranium 
is not at all precipitated under these conditions, 
providing phosphoric acid is absent, but quantita- 
tive separations on this principle from synthetic 
mixtures have not been attempted. When phos- 
phates are present uranium and titanium must be 
precipitated together, ignited, fused with sodium 
carbonate, extracted with water, and the residue 
(consisting of all the titanium and most of the 
uranium) dissolved in acid, and separated as 
above. 



D 
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SEPARATION FROM ALUMINIUM. 

Since the introduction of alumino-thermic 
reductions, experimental metallurgy often requires 
rapid assays to be made by such means as are 
not interfered with by aluminium, and it is there- 
fore to be regretted that one s choice of means of 
separating this element from uranium are so 
limited. Of the methods proposed for the separa- 
tion of iron and uranium only two are applicable 
to the separation of uranium and aluminium, 
and these with no great measure of success. 

The separation of aluminium as basic acetate 
is never very satisfactory unless preponderating 
amounts of iron are also present. Its separation 
as hydroxide with ammonium carbonate is less 
successful than usual when applied to a mixture 
containing uranium. Uranium passes entirely 
into solution when a hot and slightly acid mixture 
of the two metals is poured in a thin stream into 
an agitated solution of ammonium carbonate, but 
much of the aluminium also goes into solution, 
and it cannot with certainty be assumed that all 
this will again separate even if allowed to stand 
twelve or fourteen hours in a warm place, and a 
small amount of aluminium left unprecipitated has 
an important influence on the estimation of the 
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uranium on account of its comparatively low com- 
bining weight Boiling, of course, cannot be 
resorted to, for fear of precipitating uranium. 

All the aluminium passes into solution when 
a mixture of the two metals is poured into aqueous 
caustic soda, but much uranium also goes into 
solution, and no amount of boiling causes it to 
separate again. Uranium is precipitated from 
acetic acid solutions with nitroso-^-naphthol, 
and aluminium is not ; but persistently reliable 
results were not obtained with this reagent, which 
is to be regretted, because the uranyl naphtholate 
filters and washes much better than most other 
precipitated compounds of uranium. 

Generally in the course of analysis aluminium 
and uranium are obtained together as phosphates. 
In this form the separation with ammonium carbo- 
nate is much more successful ; in fact, it is entirely 
successful if the phosphates are dissolved in nitric 
acid, most of the acid neutralized,^ and the clear 
heated solution poured into the agitated alkaline 
liquid. If filtered at once a few milligrams of 

1 A pale yellow crystalline precipitate forms on adding am- 
monia, and not an amorphous cloud such as when solutions of 
either aluminium or uranium phosphate are neutralized. The 
former precipitate does not redissolve so quickly in hydrochloric 
acid as the latter, and more care must therefore be taken over the 
neutralization. I do not know the composition of the lemon-coloured 
crystalline precipitate. 
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aluminium phosphate remain in solution, and 
possibly also traces of uranyl phosphate remain 
in the precipitate. Standing for an hour or two 
in a warm place minimizes both these errors. 

A modification of this separation, which is 
sometimes to be preferred, is to pour the dissolved 
metallic phosphates into an excess of sodium 
carbonate. The clear or merely opalescent liquid 
is then heated to boiling, but not boiled, removed 
from the flame, and ammonium chloride (in 
amount more than equivalent to the excess of 
sodium carbonate) added. This solution also, 
if filtered at once, contains a few milligrams of 
aluminium phosphate ; but it is an easy matter 
to dissolve the uranyl pyrophosphate subsequently 
obtained (and weighed) in nitric acid, pour the 
solution into ammonium carbonate, collect the 
precipitate, and weigh it. The following results 
were obtained after separating from a gram of 
aluminium : — 



Ammon. Carb 

Sod. Carb. and Am. Chlor. 


U present. 


U found. 


0-2132 
0-2132 


0-2I22 
0-2132 



The behaviour of the ignited pyrophosphate 
when fused with sodium carbonate is referred to 
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on page 12. It might be imagined that a separa- 
tion of practical utility could be based on this 
reaction if supplemented by a colorimetric esti- 
mation of the small fraction of uranium extracted 
by digesting with water. Experiment, however, 
shows that the amount of uranium passing into 
solution is very much greater when the fused 
pyrophosphate contains aluminium. But this 
opportunity may be taken to say that small 
amounts of uranium, either alone or associated 
with other metals, may often be conveniently 
estimated by adding an excess of potassium car- 
bonate and half a gram or so of sodium peroxide, 
and then matching the colour formed by running 
a standard uranyl solution into an equal volume 
of distilled water in which are dissolved similar 
amounts of potassium carbonate and sodium per- 
oxide. A milligram of uranium can be detected 
in 60 to 100 c.c. of solution by these means, and 
the indication is more characteristic than that 
given with potassium ferrocyanide. 



IV. 

THE ANALYSIS OF URANIUM ORES 
AND ALLOYS. 

Pitchblende. — Pitchblende is the best-known 
ore of uranium ; it is an impure UgOg, containing 
from 40 to 95 per cent, of that oxide, but not 
always exactly in the proportion of UOg: 2UO3. 
The following elements have been found asso- 
ciated with it : — sulphur, selenium, phosphorus, 
calcium, magnesium, aluminium, silicon, vana- 
dium, manganese, arsenic, bismuth, antimony, 
tin, zinc, lead, iron, cobalt, nickel, copper, and 
silver. Many of these occur in such small 
amounts, that their presence is negligible so far 
as commercial analyses are concerned. Nitrogen 
and a number of rare earths are also to be found 
in uraninite from some localities {vide ** On the 
Occurrence of Nitrogen in Uraninite, and on the 
Composition of Uraninite in General," Hillebrand, 
US. Geological Survey Bulletin, No. 78, and 
Chemical News, voX. Ixiv., p. 221, etc.). The 
following outline method of analysis meets most 
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industrial demands. The particular form in which 
the results are expressed is a matter of ex- 
pediency. 

Digest 4 grams of the finely powdered ore 
with 20 C.C. (i'42) nitric acid, boil down to low 
bulk, and filter off the siliceous residue. This 
residue very rarely contains uranium ; besides 
silica, alumina, and ferric oxide, it may contain 
small amounts of vanadium, tin, and antimony. 
A further analysis is made, or not, according to 
circumstances. 

The soluble portion is evaporated with hydro- 
chloric acid, diluted, any silica or silver chloride 
filtered off, and a current of sulphuretted hydrogen 
passed. The precipitated sulphides of antimony, 
arsenic, tin, lead, copper, and bismuth, are 
separated in the usual manner into two groups 
with sodium sulphide, and the separate determina- 
tions made as usual. ^ A separate determination 
of the arsenic may be desirable, as a portion is 
probably volatilized from the main portion during 
the evaporation with hydrochloric acid. 

The main filtrate is boiled to expel sulphuretted 
hydrogen, and nitric acid added to oxidize the 

* It is hardly feasible to give details of these separate de- 
terminations, but the general procedure followed by the author is 
dealt with, in relation to the analysis of white-metal alloys, in ** The 
Analysis of Steelworks Materials " (Longmans, Green & Co.). 



40 THE ANALYTICAL CHEMISTRY OF URANIUM. 

iron. It is then made up to 250 c.c. ; 100 c.c, 
or some other volume well suited to the supposed 
amount of the impurities to be determined, is 
measured into a flask containing a few crystals 
of ammonium phosphate, then nearly neutralized, 
and poured into an excess of aqueous sodium 
carbonate. The mixture is raised to boiling, and 
at least as much ammonium chloride added as 
will destroy the free soda. After standing a few 
hours the precipitated phosphates are filtered off. 
Uranium is determined in a portion of the filtrate 
after acidifying and boiling free from CO2. The 
residue is dissolved in sulphuric acid. A portion 
of this acid solution is reduced with sulphur 
dioxide, and the iron titrated with permanganate, 
care being taken to make allowance for any vana- 
dium which may be present. The vanadium may 
also be estimated, cblorimetrically, on this portion 
if its amount is small compared with the alumina 
and ferric oxide. The remaining portion of the 
sulphuric acid solution is boiled with sodium 
phosphate and thiosulphate to obtain a precipi- 
tate from which alumina and titantic oxide may 
be determined ; any uranium not having passed 
into the ammonic carbonate solution would be 
found here. 

To another fraction (100 c.c.) of the main 
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solution, an excess of microcosmic salt is added, 
then an excess of ammonium acetate to ensure 
the complete precipitation of uranium, iron, 
aluminium, etc., from a strongly acetic acid solu- 
tion. A fraction of this solution is filtered, most 
of its free acetic acid neutralized, and the lime 
precipitated as oxalate, and the magnesia subse- 
quently as phosphate. There is generally not 
sufficient manganese in these ores to interfere 
with this procedure. 

The remaining portion (50 c.c.) of the main 
filtrate is used for the determination of phosphoric 
acid via the molybdate precipitation ; or a sepa- 
rate portion may be prepared by digesting the ore 
with nitric acid in case no appreciable amount of 
tin is present. 

Separate determinations may be made of 
manganese by digesting i gram of the ore with 
nitric acid, oxidizing the solution with sodium 
bismuthate, and titrating the permanganate 
formed ; of vanadium, by fusing i gram with 
sodium carbonate, extracting with water, and 
determining colorimetrically with hydrogen per- 
oxide, or otherwise ; of nickel, cobalt, and zinc, 
by precipitating uranium, aluminium, iron, etc , as 
phosphates from strongly acetic acid solutions, 
and applying the usual processes to the filtrate. 
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The sulphur and moisture are determined as in 
samples of pyrites. 

Carnotite. — This ore, which has attained 
commercial importance, is found chiefly in 
Western Colorado. It is a canary yellow com- 
pound associated with a fragile sandstone bearing 
some resemblance to Roscoelite. The analysis is 
comparatively easy. 

Digest 3 grams of the ore with nitric acid, 
and filter. The ignited siliceous residue may be 
reported as such, or fused with sodium carbonate, 
evaporated with hydrochloric acid, etc. Uranium 
is usually entirely absent from the residue, but 
vanadium (VaOs) and barium sulphate are fre- 
quently present along with the usual constituents 
of silicates. 

The filtrate is evaporated with hydrochloric 
acid, the trifling amount of silica collected, and a 
few drops of sulphuric acid added to precipitate 
any barium. If no barium is indicated, sul- 
phuretted hydrogen is passed to separate copper, 
and, in rare cases, other metals of this group. The 
filtrate is boiled, oxidized with nitric acid, and 
made up to 3CX) c.c. From this point the analysis 
proceeds on similar lines to that of pitchblende. 
Vanadium is estimated on a separate portion by 
titration with ferrous sulphate or otherwise. 



ANALYSIS OF URANIUM ORES AND ALLOYS. 43 

Carbon dioxide must also be separately deter- 
mined. The following analyses are of commercial 
ores : — 



Pitchblende. 


Carnotite. 


UaOs 


Cornwall. 


Joachim- 
sthal. 


UOs 


Insoluble. 


Soluble. 


43*47 


49-95 


._ 


19-22 


SiOj 


25-31 


18-54 


SiO, 


62-85 


0-20 


Fe,0, 


0-44 


I-I4 


Fe,03 


0-48 


050 


Al,03 


2-25 


3-25 


Al.Oa 


109 


0-68 


MnO 


P*20 


oil 


CaO 


017 


I-17 


CaO 


1*34 


2-52 


MgO 


o-i8 


0-90 


MgO 


0*25 


0-38 


BaO 


— 


— 


v^o. 


0-25 


0-02 


v,o. 


010 


290 


TiOj 


traces 


— 


TiOa 


009 


— 


ZnO 


— 


109 


P2O5 


— 


traces 


P2O5 


3-28 


033 


SO3 




103 


S 


8-25 


5-08 


CO2 




2-70 


Ag 


0-075 


0-03 


H2O 


— 


3*95 


Sn 






KjO and 






Sb 


062 




traces of 






As 


TOO 


0*44 


other me- 






Pb 


2-02 


173 


tals 


— 


1-79 


Bi 


0015 


0-24 








Cu 


1-32 


0-89 








Fe 


7-14 


8-04 








H2O 


1-50 


0*67 








CO, 


— 


5-02 








Oxygen 












combined 












with Fenot 












existing as 












FeSg, etc. 


1-27 


0-53 




64-96 


35-04 


1 0000 


1 0000 



Metal and Alloys.— Metallic uranium was 
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prepared originally by reducing the chloride 
with potassium, and this process, or some modi- 
fication of it, was the only one available until 
a few years ago. Moissan prepared "cast 
uranium " by submitting an intimate mixture 
of the oxide and sugar charcoal, contained in 
a coke crucible, to the electric current. He 
isolated a crystallized carbide (C3U2) whose melt- 
ing point is much higher than that of platinum, 
and he prepared samples of the metal containing 
less than i per cent, of impurities. On this latter 
metal and other samples prepared by the electro- 
lysis of the double uranium-sodium chloride 
(UCl4.2NaCl) he determined some of its pro- 
perties. Ferro-uranium alloys are formed by the 
last-mentioned process when iron electrodes are 
used. The metal and some of its alloys have 
been prepared by various modified forms of the 
alumino-thermic process : the author, however, 
found this method to yield poor and very uncer- 
tain results. 

Pure uranium is a white non-magnetic metal, 
and can be easily filed ; it does, not scratch glass, 
is easily carbonized, and may be tempered. Its 
specific gravity is said to be about 187, but the 
carbonized metal usually met with has a specific 
gravity of about 12 only. When in fine powder 
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the metal burns at a comparatively low tempera 
ture ( 1 70^ in pure oxygen), and also very readily 
combines with nitrogen. It tarnishes on exposure 
to air, and also decomposes water to some extent, 
particularly if heated. 

Metallic uranium is decomposed by dilute 
hydrochloric acid, but black flocks of carbide 
persist until a few drops of nitric acid have been 
added. With ferro-uranium alloys or uranium 
steels it is advisable to filter off this black residue, 
ignite, fuse it with sodium carbonate, dissolve the 
melt in hydrochloric acid, and add it to the main 
solution. The simultaneous precipitation of ura- 
nium and separation of iron is made in the manner 
already described. Carbon in metallic uranium 
is determined by simple ignition in a stream of 
oxygen, the resulting carbon dioxide being col- 
lected and weighed. The determination of the 
remaining impurities which affect the value of the 
metal or alloy for steel-making purposes is made 
by the usual processes, with which uranium does 
not interfere. 



( 



Ur^THE END.* 
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Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus- 
trations and Diagrams. 8vo. , i8s. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON- 
STRUCTION. By William Shield, F. R. S. E. , M. Inst.C.E. With 97 Illus- 
trations. Medium 8vo. , 155. net. 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 
Navigation. By W. H. Wheeler, M.Inst.C.E. With 75 Illustrations. 
Medium 8vo., i6j. net. 
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IMPROVED DRAWING SCALES. 6d. net in case. 

AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 153 Illustrations and Diagrams. Crown 8vo, as. 6d. 

LOW AND BE VIS,— A MANUAL OF MACHINE DRAWING 
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M.I.Mech.E. With 700 Illustrations. 8vo., yj. 6d?. 

lIArWIN.— THE ELEMENTS OF MACHINE DESIGN. By 
W. Cawthorne Unwin, F.R.S. 

Part I. General Principles, Fastenings, and Transmissive 

Machinery. With 345 Diagrams, etc. Fcp. 8vo., 7s. 6d. 

Part II. Chiefly on Engine Details. With 259 Illustrations. 
Fcp. 8va, 6s, 
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NAVAL ARCHITECTURE. 

^rr^(9(9z>.— TEXT-BOOK OF theorp:tical naval 

ARCHITECTURE : a Manual for Students of Science Classes and Draughts- 
men Engaged in Shipbuilders' and Naval Architects' Drawing Offices. By 
Edward Lewis AxTWbOD, Assistant Constructor, Royal Navy. With 114 
Diagrams. Crown 8vo., js. 6d. 

WATSON.— ]>IKYKL ARCHITECTURE : A Manual of Laying- 
off Iron, Steel and Composite Vessels. By Thomas H. Watson, Lecturer on 
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With numerous Illustrations. Royal 8vo., 1,5^. net. 

WORKSHOP APPLIANCES, ETC. 

NORTHCOTT.—LATU.'^^ AND TURNING, Simple, Mecha- 
nical and Ornamental. By W. H. NORTHCOTT. With 338 Illustrations. 8vo.,i8j. 

^i^^ZZ^K— WORKSHOP APPLIANCES, including Descrip- 

tions of some of the Gauging and Measuring Instruments, Hand-cutting Tools, 
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BAUERMAN.—^oxks by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Illustrations. 

Fcp. 8vo. , 6s. 

DESCRIPTIVE MINERALOGY. With 236 Illustrations. 

Fcp. 8vo., 6s. 

BREARLEY and IBBOTSON. — THE ANALYSIS OF 

STEEL- WORKS MATERIALS. By Harry Breabley and Fred 
IBBOTSON, B.Sc. (Lond.), Demonstrator of Micrographic Analysis, University 
College, Sheffield. With 85 Illustrations. 8vo., 14J. net. 

GORE.—HYLY. art OF ELECTRO-METALLURGY. By G. 
Gore, LL.D., F.R.S. With 56 Illustrations. Fcp. 8vo..6j. 

HUNTINGTON AND MCMILLAN -MET KL^-. their Properties 
and Treatment. By A. K. Huntington, Professor of Metallurgy in King's 
College, London, and W. G. M'Millan, Lecturer on Metallurgy in Mason's 
College, Birmingham. With 122 Illustrations. Fcp. 8vo., 7s. 6d. 

LURTON— Works by ARNOLD LUPTON, M.I.C.E., F.G.S., etc. 
MINING. An Elementary Treatise on the Getting of Minerals. 

With 596 Diagrams and Illustrations. Crown 8vo. , qs. net. 

A PRACTICAL TREATISE ON MINE SURVEYING. 

With 209 Illustrations. 8vo., 12s, net. 

i?^^^Z?.— METALLURGY. By E. L. Rhead, Lecturer on 

Metallurgy at the Municipal Technical School, Manchester. With 94 Illustra- 
tions. Fcp. Svo., 3J. 6d. 

RHEAD AND SEXTON— K^^KYY^Q, AND METALLUR- 
GICAL ANALYSIS for the use of Students, Chemists and Assayers. By E. L. 
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and A. Humboldt Sexton, F.I.C, F.C.S., Professor of Metallurgy, Glasgow 
and West of Scotland Technical College. 8vo., \os. 6d. net. 

RUTLEY.—TYLE STUDY OF ROCKS: an Elementary Text- 
book of Petrology. By F. Rutley, F.G.S. With 6 Plates and 88 other |lbi&- 
trations. Fcp. 8vo., ^. 6d. 
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^^^(9rr.— ELEMENTARY THEORY OF THE TIDES: 

the Fundamental Theorems Demonstrated without Mathematics and the In- 
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GOODWIN,— AZiyiXiTn TABLES FOR THE HIGHER 
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Royal Navy. Royal 8vq. , yj. 6d. 

HERSCHEZ.—0\iTl.mE^ OF ASTRONOMY. By Sir John 
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ZAUGHTON,—K^ INTRODUCTION TO THE PRAC- 
TICAL AND THEORETICAL STUDY OF NAUTICAL SURVEYING. 
By John Knox L aughton , M. A. , F. R. A. S. With 35 Diagrams. Crown 8 vo. , dr. 

ZOWEZZ. — MARS. By Percival Lowell, Fellow American 
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With 24 Plates. 8vo. , lar. 6d, 

MAE TIN— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal Bvo., i8j. 

MEEEIEIEZD.—A TREATISE ON NAVIGATION. For 

the Usenf Students. By J. Merrifield, LL.D., F.R.A.S., F.M.S. With 
Charts and Dia§p:ams. Crown 8vo. , 5s, 

PAEJiTEE.— ELEMENTS OF ASTRONOMY. With Numerous 

Examples and Examination Papers. By George W. Parker, M.A., of 
Trinity College, Dublin. With 84 Diagrams. 8vo. , $5. 6d. net. 

H^^^i?.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. Espin, M.A., F.R.A.S. (Two 
Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, 2 Plates, 
and numerous Illustrations. Crown Bvo., 6s. Vol. II., with numerous Illustra- 
tions. Crown Bvo., 6s. 6d. 
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WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical 
Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Photographs. Crown 8vo. , y. 6d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches. With 14 Illustrations ; 
Map, Charts, etc. Crown 8vo. , y. 6d. 

OUR PLACE AMONG INFINITIES : a Series of Essays con- 
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Crown 8vo., y. 6d. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 
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LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays 
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THE EXPANSE OF HEAVEN : Essays on the Wonders of the 
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HALF-HOURS WITH THE TELESCOPE : a Popular Guide 
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NEW STAR ATLAS FOR THE LIBRARY, the School, and 
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THE SOUTHERN SKIES : a Plain and Easy Guide to the 
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HALF-HOURS WITH THE STARS : a Plain and Easy Guide 
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LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 
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With a Index-Plates. Folio, i$s. 

OVK«. 



22 Scientific Works published by Longmans^ Green^ &* Co. 



WORKS BY RICHARD A. P^OCTOfi- Coniinued, 

THE STARS IN THEIR SEASONS: an Easy Guide to a 

Knowledge of the Star-Groups. In 12 Large Maps. Imperial 8vo. , 55. 

ROUGH WAYS MADE SMOOTH. Familiar Essays on 

Scientific Subjects. Crown 8vo., y. 6d. 
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LEISURE READINGS. By R. A. Proctor, E. Clodd, A. 
Wilson, T. Foster, and A. C. Ran yard. Crown 8vo., y. 6d. 
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ELEMENTARY GEOLOGY. With Geological Map of the 

British Isles, and 247 Illustrations. Crown 8vo. , 2j. 6d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With over 300 Illustrations, a Geological 
Map of the British Isles (coloured), and a set of Questions for Examination. 
Crown 8vo., ys. 6d. 

G^^^^^.— PHYSICAL GEOLOGY FOR STUDENTS AND 

general readers. By A. H. Green, M.A., F.G.S. With 236 Illus- 
trations. 8vo., 21J. 

MOjRG AN.— Works by ALEX. MORGAN, M.A., D.Sc, F.R.S.E. 
ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. 

With 4 Maps and 243 Diagrams. Crown 8vo. , 2s. 6d. 

ADVANCED PHYSIOGRAPHY. With 215 Illustrations. 

Crown 8vo., 4J. 6d. 

THORNTON.— Works by J, THORNTON, M.A. 
ELEMENTARY PRACTICAL PHYSIOGRAPHY. 
Part I. With 215 Illustrations. Crown 8vo., 2s, 6d. 
Part 11. With 98 Illustrations. Crown Svo., 2s. 6d. 

ELEMENTARY PHYSIOGRAPHY: an Introduction to the 

Study of Nature. With 13 Maps and 295 Illustrations. With Appendix on 
Astronomical Instruments and Measurements. Crown 8vo., 2s. 6d. 

ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 
Illustrations. Crown 8vo., 4J. ^, 



Scientific Works published by Longmans^ Green^ &* Co. 23 



NATURAL HISTORY AND GENERAL SCIENCE. 

B£jDDAjRD.— THE. STRUCTURE AND CLASSIFICATION 

OF BIRDS. By Frank E. Beddard, M.A., F.R.S., Prosector and Vice- 
Secretary of the Zoological Society of London. With 252 lUus. 8vo., 21J. net. 

FURNE A UX.— Works by WILLIAM FURNEAUX, F.R.G.S. 

THE OUTDOOR WORLD ; or, The Young Collector's Hand- 
book. With 18 Plates, i6 of which are coloured, and 549 Illustrations in the 
Text. Crown 8vo. , 6s. net. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown 8vo. , dr. net. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Plates and 241 Illustrations in the Text. Crown 8vo., 6s. net. 

HUDSON.— BRITISH BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
and 100 Figures by C. E. Lodge, and 3 Illustrations from Photographs. 
Crown 8vo., 6s. net. 

M/ZZAIS.— THE NATURAL HISTORY OF THE BRITISH 

SURFACE-FEEDING DUCKS. By John Guille Millais, F.Z.S., etc. 
With 6 Photogravures and 66 Plates {41 in colours) from Drawings by the Author, 
Archibald Thorburn, and from Photographs. Royal 4to., £6 6s. net. 

NAJVSEJV. — THE NORWEGIAN NORTH POLAR EX- 
PEDITION, 1893-1896 : Scientific Results. Edited by Fridtjof Nansen. 
Volume I. With 44 Plates and numerous Illu&irations in the Text. Demy 
4to., 40s, net. 
Contents : The Fram—Tht Jurassic Fauna of Cape Flora. With a Geological Sketch 
of Cape Flora and its Neighbourhood — Fossil Plants from Franz Josef Land— An Account of 
the Birds — Crustacea. 

Volume II. With 2 Charts and 17 Plates. Demy 4to., 30^. net. 
Contents : Astronomical Observations— Terrestrial Magnetism— Results of the Pendulum 
— Observations and some Remarks on the Constitution of the Earth's Crust. 
Volume III. With 33 Plates. Demy ^to., 32J. net. 
Contents: The Oceanography of the North Polar Basin— On Hydrometers and the 
Surface Tension of Liquids. 

STANLEY.— A FAMILIAR HISTORY OF BIRDS. By E. 

Stanley, D.D., formerly Bishop of Norwich. With i6o Illustrations. Crown 
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MANUFACTURES, TECHNOLOGY, ETC. 

^^ZZ. —JACQUARD WEAVING AND DESIGNING. By F. T. 

Bell. With 199 Diagrams. 8vo., lar. net. 

CROSS AND BE VAN.— ^orks by C. F. CROSS and E. J. BEVAN. 
CELLULOSE : an Outline of the Chemistry of the Structural 

Elements of Plants. With reference to their Natural History and Industrial 
Uses. (C. F. Cross, E. J. Bevan and C. Beadle.) With 14 Plates. 
Crown 8vo., I2j. net. 

RESEARCHES ON CELLULOSE, 1895 -1900. Crown 8vo., 

6s. net. 

bODSON— THE DOUBLING AND MANUFACTURE OF 
THREADS. By John Dodson, Vice-President of the Bolton and District 
Mills Managers' Technical Association. With 134 Illustrations. 8vo., lar. 6d, net. 
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IMANUFACTURES, TECHNOLOGY, ETC. —Coniinued, 

MORRIS AND WILKINSON.— THY. ELEMENTS OF COT- 
TON SPINNING. By John Morris and F. Wilkinson. With a Preface 
by Sir B. A. Dobson, C.E., M.I.M.E. With 169 Diagrams and Illustrations. 
Crown 8vo. , js. 6d. net. 

RICIfAR£>S.—BRlCKLAYllSiG AND BRICK-CUTTING. By 

H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, London, N. With over 200 Illustrations. Med. 8vo., y, 6d. 

r^ FZ6>i?.— COTTON WEAVING AND DESIGNING. By 

John T. Taylor. With 373 Diagrams. Crown 8vo. , 7s. 6d. net. 

WATTS.— AN INTRODUCTORY MANUAL FOR SUGAR 
GROWERS. By Francis Watts, F.C.S., F.I.C. With 20 Illustrations. 
Crown Bvo., 6s. 

HEALTH AND HYGIENE. 

^5^i?K— HEALTH IN THE NURSERY. By Henry Ashby, 

M.D., F.R.C.P. With 25 Illustrations. Crown Bvo. , y. net. 

B[/CKTON— HEALTH IN THE HOUSE. By Mrs. C. M. 

BuCKTON. With 41 Woodcuts and Diagrams. Crown 8vo. , ar. 

CORFIELD.—THE LAWS OF HEALTH. By W. H. Cor- 

PIELD, M.A., M.D. Fcp. 8vo., u. 6d, 

7^i7i?iV^^^rar.— ELEMENTARY PRACTICAL HYGIENE.— 

Section I. By Willi AM S. Furneaux. With 146 Illustrations. Cr. 8vo., 2j. 6^/. 

NOTTER AND T^Z^TW;— Works by J. L. NOTTER, M.A., M.D., 
and R. H. FIRTH, F.R.C.S. 
HYGIENE. With 95 Illustrations. Crown 8vo., 3^. dd. 
PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations. 

Crown 8vo., 2J. 6rf. 
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ESSAYS ON RURAL HYGIENE. With 12 Illustrations. 

Crown 8vo., 6if. 6d, 

THE DWELLING-HOUSE. With 36 Illustrations. Crown 
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COLONIAL AND CAMP SANITATION. With 11 Illustra- 
tions. Crown 8vo., 2j. net. 

THE EARTH IN RELATION TO THE PRESERVATION 

AND DESTRUCTION OF CONTAGIA: being the Milroy Lectures 
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Papers on Sanitation. {With 13 Illustrations. Crown 8vo., 55. 

WILSON.— A MANUAL OF HEALTH-SCIENCE. By 

Andrew Wilson, F.R.S.E., F.L.S., etc. With 74 Illustrations. Crown 
8vo.,2j. td. 
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MEDICINE AND SURGERY. 

ASHBY AND WRIGHT,— HYLY. DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Henry Ashby, M.D., Lond., F.R.C.P., 
Physician to the General Hospital for Sick Children, Manchester ; and G. A. 
Wright, B.A., M.B. Oxon., F.R.C.S., Eng. , Assistant-Surgeon to the Man- 
chester Royal Infirmary, and Surgeon to the Children's Hospital. Enlarged 
and Improved Edition. With 192 Illustrations. 8vo., 25J. 

BENNETT.SNorks by Sir WILLIAM BENNETT, K.C.V.O., 
F.R.C.S., Surgeon to St. George's Hospital; Member of the 
Board of Examiners, Royal College of Surgeons of England. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo., 6s. 

ON VARICOCELE ; A PRACTICAL TREATISE. With 4 
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CLINICAL LECTURES ON ABDOMINAL HERNIA: 
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THE PRESENT POSITION OF THE TREATMENT OF 
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Illustrations. Svo. , &s. 

BENTLEY,—K TEXT-BOOK OF ORGANIC MATERIA 

MEDICA. Comprising a Description of the Vegetable and Animal Drugs of 
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M.R.C.S. Eng., F.L.S. With 62 Illustrations on Wood.. Crown Svo., js. ed, 

CABOT.— K GUIDE TO THE CLINICAL EXAMINATION 

OF THE BLOOD FOR DIAGNOSTIC PURPOSES. By Richard C. 
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With 3 Coloured Plates and 28 Illustrations in the Text. Svo., 16s. 

CARR, PICK, DO RAN, and BUNCAN.—TliE PRACTI- 

TIONER'S GUIDE. By J. Walter Carr, M.D. (Lond.), F.R.C.P. ; 
T. Pickering Pick, F.R.C.S. ; Alban H. G. Doran, F.R.C.S. ; Andrew 
Duncan, M.D., B.Sc. (Lend.), F.R.C.S., M.R.C.P. Svo., 21 j. net. 

CEZZI— MALARIA, ACCORDING TO THE NEW RE- 
SEARCHES. By Prof. Angelo Celli, Director of the Institute of Hygiene, 
University of Rome. Translated from the Second Italian Edition by JOHN 
Joseph Eyre, M.R.C.P., L^.C.S. Ireland, D.P.H. Cambridge. With an 
Introduction bv Dr. Patrick Manson, Medical Adviser to the Colonial Office, 
Svo., los. 6d. 
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MEDICINE AND SOUORfCi-Conhnued. 

CHEYNE AND BURGHARD,—K MANUAL OF SURGICAL 

TREATMENT. By W. Watson Cheyne, C.B.. M.B., F.R.C.S., F.R.S., 
Professor of Surgery in King's College, London, Surgeon to King's College 
Hospital, etc. ; and F. F. Burgh ard, M.D. and M.S., F.R.C.S., Teacher of 
Practical Surgerv in King's College, London, Surgeon to King's College, 
Hospital (Lond.), etc. 

Part L The Treatment of General Surgical Diseases, including 
Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli- 
cations, Infective Diseases and Tumours ; the Administration of Anaesthetics. 
With 66 Illustrations. Royal 8vo. , los. 6d. 

Part II. The Treatment of the Surgical Affections of the Tissues, 
including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic 
Vessels and Glands, the Fasciae, Bursse, Muscles, Tendons and Tendon- 
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations. 
Royal 8vo., 14J. 

Part III. The Treatment of the Surgical Affections of the Bones. 
Amputations. With 100 Illustrations. Royal 8vo., i2j. 

Part IV. The Treatment of the Surgical Affections of the Joints 
(including Excisions) and the Spine. With 138 Illustrations. Royal 8vo. , 14J. 

Part V. The Treatment of the Surgical Affections of the Head, 
Face, Jaws, Lips, Larnyx and Trachea ; and the Intrinsic Diseases of the 
Nose, Ear and Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S., 
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to 
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Green. With 145 Illustrations. Royal 8vo., i8j. 

Part VI. Section I. The Treatment of the Surgical Affections of 
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and Intestines. With 124 Illustrations. Royal 8vo., i8j. 

Section II. The Treatment of the Surgical Affections of 
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Organs. With 113 Illustrations. Royal 8vo., 21J. 

CL^/^i^E.— POST-MORTEM EXAMINATIONS IN MEDICO- 
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal 
Aspects of Post-mortems, and on Certificates of Death. By J. Jackson 
Clarke, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London 
and City Orthopaedic Hospitals, etc. Fcp. 8vo., 2s. 6d. 

COATS.— A MANUAL OF PATHOLOGY. By Joseph 

Coats, M.D., late Professor of Pathology in the University of Glasgow. 
Fourth Edition. Revised throughout and Edited by Lewis R. Sutherland, 
M.D., Professor of Pathology, University of St. Andrews. With Illustrations. 
8vo., 28J. net. 

COOXE.— Works by THOMAS COOKE, F.R.C.S. Eng., B.A., 
B.Sc, M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School. Eleventh Edition 
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tions from all the best Sources, British and Foreign. Post 4to. 

Part L The Bones. 7^. 6d. net. 

Part n. Limbs, Abdomen, Pelvis. los. 6d. net. 

Part ni. Head and Neck, Thorax, Brain, jos. 6d. net. 
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MEDICINE AND SVRGERY- Con ttnued. 

COOKE,— Woxks by THOMAS COOKE {continued). 
APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including loo Typical vivd voce Questions on Surface Marking, 
etc. Crown 8vo., 3J. (id. 

DAKIN.—K HANDBOOK OF MIDWIFERY. By William 

Radford Dakin, M.D., F.R.C.P., Obstetric Physician and Lecturer on 
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crown 8vo. , i8j. 

DICKINSON.— Works by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 
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THE TONGUE AS AN INDICATION OF DISEASE: 
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THE INFLUENCE OF CHARACTER AND RIGHT 
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M.R.C.S., L.S.A., L.D.S., Dental Surgeon to St. Mary's Hospital, Dean of 
the School, Dental Hospital of London, etc. ; and J. F. Colyer, L.R.C.P., 
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PHYSIOLOGY. For the Use of Students. By T. G. Brodie, M.D., 
Lecturer on Physiology, St. Thomas's Hospital Medical School. With 2 
Plates and 177 Illustrations in the Text. Svo., 6j. td. 

CHAPMAN— TYLY. FORAMINIFERA : An Introduction to the 
Study of the Protozoa. By Frederick Chapman, A.L.S., F.R.M.S. 
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